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HANDSET QUADRIFILAR HELICAL
ANTENNA MECHANICAL STRUCTURES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application 1s a continuation-in-part applica-
tion claiming the benefit of the patent application assigned
Ser. No. 10/998,301 filed on Nov. 26, 2004 and entitled

Quadrifilar Helical Antenna, which claims the benefit of the

provisional patent application assigned Ser. No. 60/592,011
filed on Jul. 28, 2004.

FIELD OF THE INVENTION

The present invention relates to an antenna for use 1n a
satellite communications link, and 1n particular to a quadrifi-
lar helical antenna (QHA) for use 1n a satellite communi-
cations link.

BACKGROUND OF THE INVENTION

A helical antenna comprises one or more elongated con-
ductive elements wound in the form of a screw thread to
form a helix. The geometrical helical configuration includes
clectrically conducting elements of length L arranged at a
pitch angle P about a cylinder of diameter D. The pitch angle
1s defined as an angle formed by a line tangent to the helical
conductor and a plane perpendicular to a helical axis.
Antenna operating characteristics are determined by the
helix geometrical attributes, the number and interconnec-
tions between the conductive elements, and the feed arrange-
ment. When operating 1n an end fire or forward radiating
axial mode the radiation pattern comprises a single major
pattern lobe. The pitch angle determines the position of
maximum intensity within the lobe. Low pitch angle helical
antennas tend to have the maximum intensity region along
the axis; for higher pitch angles the maximum intensity
region 1s oil-axis.

Quadrifilar helical antennas (QHA) are used for commu-
nication and navigation receivers operating in the UHF, L
and S 1Irequency bands. A resonant QHA with limited
bandwidth 1s also used for receiving GPS signals. The QHA
has a relatively small size, excellent circular polarization
coverage and a low axial ratio over most of the upper
hemisphere field of view. Since the QHA i1s a resonant
antenna, i1ts dimensions are typically selected to provide
optimal performance for a narrow frequency band. C. C.
Kilgus first described the QHA 1n “Resonant Quadrifilar
Helix,” IEEE Transactions on Antennas and Propagation,
Vol. AP-17, May 1969, pp. 349-331.

One prior art quadrfilar helical antenna comprises four
equal length filars mounted on a helix having a diameter of
about 30 mm for operation at about 1575 MHz. Given these
geometrical features, the antenna presents a driving point
impedance of about 50 ohms, which 1s suitable for matching
to a common 50 ohm characteristic impedance coaxial cable.
The four filars of the QHA are fed in phase quadrature, 1.e.,
a 90 degrees phase relationship between adjacent filars.
There are at least two known prior art techniques for
quadrature feeding of the four equal-length QHA filars. One
such quadrature matching structure employs a lumped or
distributed branch line hybnid coupler (BLHC) and a termi-
nating load, together with two lumped or distributed baluns.
Another technique that offers a somewhat broader band-
width uses three branch line hybrid couplers (a first input
BLHC receiving the mput signal and providing an output
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signal to two parallel BLHC’S) each operative with a
terminating load. A quarter wave phase shifter provides a 90
degrees phase shift between the first BLHC and one of the
parallel-connected BLHC’S.

It 1s known that such quadrature matching techniques,
such as hybrid couplers and baluns, disadvantageously
increase the size of the printed circuit board on which the
antenna 1s mounted. The couplers and baluns also increase
the antenna cost, and each additional component operative
with the antenna imposes losses and bandwidth limitations.

Typically, the QHA 1s a self-suflicient radiating structure
operated without a ground plane or counterpoise. However,
when the QHA 1s installed in close proximity to a radio
transceiver handset, the handset structure can induce elec-
tromagnetic wave reflections that influence the QHA’s
radiation pattern and impedance, much like a ground plane.
For example, 11 the QHA emits a right-hand circularly
polarized signal, upon retlection from a conducting surface,
the signal 1s transformed to a left-hand circularly polarized
signal. Obviously, such eflects negatively influence the
antenna’s performance, and can be particularly troublesome
if the communications system employs dual signal polar-
1zations.

BRIEF SUMMARY OF THE INVENTION

According to one embodiment of the invention, a
quadrifilar helical antenna, comprises a substantially cylin-
drical substrate; a first pair of serially connected helical filars
having a first length and disposed on the substrate, the first
pair of filars having a first end and a second end; a second
pair of serially connected helical filars having a second
length different than the first length and disposed on the
substrate, the second pair of filars having a third and a fourth
end and an impedance matching element conductively con-
nected to the first, the second, the third and the fourth ends
for matching an antenna impedance to a source impedance.

According to another embodiment of the invention, a
handset communications device comprises a base; a cover
movably engaged with the base for mampulation nto dif-
ferent orientations with respect to the base and a quadrifilar
helical antenna disposed 1n the base. The antenna comprises
a substantially cylindrical substrate; a first, a second, a third
and a fourth helical filar disposed on the substrate, wherein
at least two of the first, the second, the third and the fourth
filars have a different length; an impedance matching ele-
ment conductively connected to the first, second, third and
fourth filars for matching an antenna impedance to a source
impedance and a connector disposed between the impedance
matching element and the base.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the present invention
will be apparent from the following more particular descrip-
tion of the invention as illustrated in the accompanying
drawings, in which like reference characters refer to the
same parts throughout the different figures. The drawings are
not necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention.

FIGS. 1 and 2 1llustrate different views of a QHA accord-
ing to the teachings of the present mvention.

FIG. 3 illustrates an impedance matching element,
according to the teachings of the present invention, for use
with the QHA of FIGS. 1 and 2.

FIG. 4 illustrates another embodiment of an impedance
matching element according to the teachings of the present
invention.
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FIG. § illustrates a QHA according to the present inven-
tion mcluding a radome.

FIGS. 68 illustrate other embodiments of a QHA accord-
ing to the present mvention.

FIG. 9 illustrates solder filets for connecting the 1imped-
ance matching element and the QHA.

FI1G. 10 1llustrates a substrate for use 1n fabricating a QHA
according to the present ivention.

FIG. 11 1illustrates another embodiment of a QHA of the
present mvention including a mandrel.

FIGS. 12-14 illustrate an embodiment of an impedance
matching element for use with the QHA.

FIG. 15-17 illustrate various embodiments of conductive
bridges for use with the QHA of the present invention.

FIG. 18 and 19 illustrate another embodiment of a QHA
of the present invention having a pivot or hinge member.

FI1G. 20 1llustrates a QHA of the present invention for use
with a handset communications device further comprising a
display.

FIGS. 21 and 22 illustrate embodiments of a mandrel for
use with a QHA of the present invention.

FIGS. 23-25 1llustrate structures associated with aligning
a mandrel and a substrate of a QHA of the present invention.

DESCRIPTION OF THE INVENTION

Before describing 1n detail the particular antenna appara-
tus and a method for making the antenna according to the
present invention, 1t should be observed that the present
invention resides 1n a novel and non-obvious combination of
hardware elements and process steps. Accordingly, these
clements have been represented by conventional elements 1n
the drawings and specification, wherein elements and
method steps conventionally known 1n the art are described
in lesser detail, and elements and steps pertinent to under-
standing the mvention are described in greater detail.

This imnvention relates to an antenna responsive to a signal
source supplying quadrature related currents to each of four
filars, comprising a short pair of filars and a long pair of
filars. The antenna further employs a simple, low cost, low
loss matching element that takes advantage of the circularly
polarized gain provided by the antenna filars. In one embodi-
ment the antenna provides advantageous gain in a relatively
small physical package that 1s near optimum in terms of gain
and size when compared to other known antennas. In one
application, the antenna ofiers desired performance features
in an earth-based communications handset for communicat-
ing with a satellite.

In one embodiment, a QHA of the present ivention
operates over a Ifrequency band from 2630 to 2655 MHz
(1.e., a bandwidth of approximately 1%). The radiation
pattern favors right hand circular polanzation (RHCP).
Within a solid angle of about 45 degrees from the zenith the
gain 1s about 2.5 dBrhcpi, that 1s, more than 2.5 decibels
relative to a nght hand circularly polarized isotropic
antenna. The gain at the zenith approaches 4.0 dBrhepi. The
standing wave ratio (SWR) 1s about 1.5:1 over the frequency
range of 2630 to 2655 MHz. The QHA of the present
invention, or dertvative embodiments thereof, may satisty
requirements for use with an earth-based communications
device for sending and/or receiving signals from a satellite,
such as a GPS satellite or satellite commercial radio systems
operated by XM Radio and Sirius.

FIGS. 1 and 2 illustrate a QHA 10 according to the

teachings of the present invention, comprising filar windings
12,14, 16 and 18 extending from a bottom region 20 to a top
region 22 of the QHA 10, which 1s generally 1n the shape of
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a cylinder. FIG. 1 1llustrates a QHA wherein the oppositely
disposed filars 12 and 16 are conductively connected by a
conductive bridge 23, and the filars 14 and 18 are conduc-
tively connected by a conductive bridge 24. Signals propa-
gating on the filars 12/16 are in phase quadrature with
signals propagating on the filars 14/18, to produce the
desired circular signal polarization. In a preferred embodi-
ment, the filars 12, 14, 16 and 18 each comprises a conduc-
tive element, such as a wire having a circular or rectangular
cross-section or a conductive line or trace on a dielectric
substrate.

As 1s known 1n the art, conductive bridges are employed
with QHA’S having a filar length equal to an even number
ol quarter wavelengths at the operating frequency, but are
not typically used when the filar lengths comprise an odd
number of quarter wavelengths. In one embodiment, each
conductive bridge 23 and 24 (also referred to as a crossbar)
comprises a conductive tape strip.

In the embodiment of FIGS. 1 and 2, the four filar
conductors 12, 14, 16 and 18 extend in a substantially
uniform helical pattern from the bottom region 20 to the top
region 22 of an imaginary cylinder. In another embodiment,
not illustrated, one or more of the filars 1s disposed about the
cylinder 1n a zigzag or serpentine pattern from the bottom
region 20 to the top region 22.

In embodiments implementing the structure of FIGS. 1
and 2, and for use 1n the band from 2630 to 2655 MHz, the
cylinder diameter ranges from about 8 mm to about 10 mm.
An antenna constructed according to the present invention
provides a peak gain 1 excess of about 3.5 dBrhepi. The
maximum gain at the zenith occurs with a filar pitch angle
of about 45 degrees. Increased gain within a 45 degrees solid
angle from the zenith can be achieved by using a pitch angle
of about 60 degrees. In another embodiment, the pitch angle
1s about 75 degrees, but 1t has been observed that the
60-degree pitch angle provides adequate gain within the 45
degrees solid angle for an intended application. Generally,
lowing the pitch angle increases the gain at the zenith. An
antenna constructed with a 60-degree pitch angle exhibits a
shorter axial height than one with a pitch angle of 75
degrees, which may also be advantageous for some appli-
cations. Higher pitch angles tend to produce a beam peak at
lower elevation angles while maintaiming the peak for all
azimuth angles. Also, use of a higher pitch angle tends to
broaden the bandwidth and lower the SWR. An antenna

constructed with a pitch angle of about 45 degrees has a
narrower bandwidth and a higher SWR than a QHA with a
60 degrees pitch angle. The balanced and essentially reso-
nant conditions to achieve satistactory circular polarization
generally suggest narrow band antennas.

A nomuinal length of each filar 12, 14, 16 and 18 1s about
25 mm for an approximately quarter-wavelength antenna
structure operative at about 2642.5 MHz. The nominal filar
length 1s about 46 mm for a half-wavelength QHA. Based on
these filar lengths and a pitch angle of about 60 degrees, the
antenna axial height 1s about 18 mm for the quarter-wave-
length QHA and about 39 mm for the half-wavelength QHA.
In one embodiment of the quarter-wavelength QHA, the
antenna comprises a diameter of about 16 mm. In a one
half-wavelength embodiment, the filar structure diameter 1s
about 8.5 mm. When completely assembled with a radio
frequency connector, radome housing and a short cable
disposed between the antenna and the connector, the overall
dimensions are 68 mm 1n height and 12 mm diameter.

The half-wavelength QHA radiation pattern exhibits bet-
ter forward gain and a smaller back lobe 1n the radiation
pattern than the quarter-wavelength QHA. In other embodi-
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ments, three-quarter, five-quarter, etc. wavelength QHA’S
can be utilized according to the teachings of the present
invention. It 1s known that the higher fractional quarter
wavelength embodiments provide a higher gain at the peak
of the beam, 1.e., a narrower radiation pattern, expanded
bandwidth and a higher front hemisphere-to-back hemi-
sphere ratio.

In a preferred embodiment of the present invention,
lengths of the QHA filars are modified from the nominal
length. That 1s, the filars 12, 14, 16 and 18 comprise a first
pair or loop of long filars (e.g., filars 12 and 16) and a second
pair or loop of short filars (e.g., 14 and 18), where long and
short are measured with respect to the nominal length related
to the antenna’s resonant frequency, 1.e., a nominal length of
about 25 mm for a quarter-wavelength antenna operating at
about 2642.5 MHz, including the length of the conductive
bridge 23/24 and a segment of the feed structure for match-
ing the antenna impedance to the feed structure impedance,
which 1s described below, such that the total length circum-
scribes a conductive loop. The length differential between
the two filar pairs maintains the phase quadrature relation-
ship for the signals propagating on the four filars.

In a half-wavelength embodiment, the long filars each
have a length of about 46 mm and the short filars each have
a length of about 44.5 mm, where both lengths include the
length of the conductive bridge of each filar pair and a
conductive segment of the feed structure (for matching the
antenna 1impedance to the feed structure impedance), which
1s described below, such that the total length circumscribes
a conductive loop.

As can be seen 1 FIG. 1, each of the conductive bridges
23 and 24 connects oppositely disposed filars, with an air
gap 28 therebetween due to the length differential of the
filars. The air gap distance thus 1n one embodiment controls
the filar length differential. In another embodiment, the
length differential 1s created by forming filars of unequal
lengths, such as by employing diflerent pitch angles, for the
two filar pairs. Other embodiments comprising the use of
other conductive structures for connecting the filar pairs are
described below.

In the quarter-wavelength embodiment of the present
invention for operation at about 2642.5 MHz, the long and
the short filar lengths are about 23.325 mm and about 21.075
mm, respectively.

Consumer marketing considerations for emerging appli-
cations for antennas of this type, such as consumer elec-
tronic devices such as a handset as described below, tend to
impose the smallest possible size on the antenna developer.
The dimensions of certain of the QHA embodiments of the
present mvention were driven by customer requirements,
and 1t 1s suggested that these dimensions are very close to the
mimmum size capable of providing the desired radiation
pattern and bandwidth performance. It has been observed
that at smaller dimensions the antenna elements tend to self
absorb the radiation.

A communications handset 1s one application for the QHA
10. With reference to FIGS. 1 and 2, a radio frequency
connector 32 provides an electrical connection to receiving
and/or transmitting e¢lements of the handset. In a transmuit
mode, a radio frequency signal 1s supplied to the QHA 10
from transmitting elements within the handset via the con-
nector 32. In a receiving mode, the radio frequency signal
received by the QHA 10 1s supplied to handset receiving
clements via the connector 32. As further described and
illustrated below, the QHA 10 further comprises a radome,
including a radome base 33 illustrated 1n FIGS. 1 and 2.
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An antenna of the present immvention can be configured
with an antenna signal feed (such as the signal feed
described below) disposed at the top region 22 or the bottom
region 20. The QHA 10 exhibits different operating charac-
teristics (including the radiation pattern) depending on
whether the antenna 1s top fed or bottom fed. But 1n either
case, a majority of the energy 1s radiated 1n a direction of the
zenith.

If the antenna signal feed 1s disposed in the bottom region
20, the QHA 1s operative 1n a forward fire axial mode with
the signal feed connected directly to a signal conductor, such
as a 50 ohm coaxial cable.

If the antenna signal feed 1s disposed proximate the top
region 22, the QHA operates 1n a backward fire axial mode.
In one embodiment of a backward fire axial mode QHA, a
transmission line 1s connected to a signal feed structure
within the top region 22 and extends to the bottom region 20
(and 1n one embodiment extends below the bottom region
20) where the transmission line 1s connected to a 50 ohm
coaxial cable. The transmission line can operate as a quarter
wavelength transmission line transformer to match the
antenna i1mpedance presented at the signal feed (also
referred to as the driving point impedance) to the 50 ochm
characteristic impedance of the coaxial cable. In certain
applications the bottom feed structure 1s preferred as it
climinates the need for the transmission line (or transmission
line transformer) extending between the top region 22 and
the bottom region 20.

The QHA of the present mmvention, like all antennas,
presents a driving point impedance (at its signal feed ter-
minal) to a transmission line feeding the antenna. For
optimum power transier, 1t 1s desired to match the antenna
driving point impedance to a characteristic impedance of the
transmission line, also referred to as a source or load
impedance. An impedance match occurs when the resistive
or real component of the antenna and the source impedance
are equal, and the reactive or imaginary components are
equal 1n magnitude and opposite in sign. Since a commonly
used transmission line has an impedance of 50 ohms, it 1s
desired to construct the QHA of the present invention with
a 50 ohm mmpedance or an impedance that can be conve-
niently transformed to 50 ohms, for connection to the 50
ohm transmission line.

As described above, use of the QHA for a specific
application drives the antenna’s operating and physical
characteristics. To achieve these characteristics, the QHA
presents a relatively narrow diameter cylinder, and the
relatively narrow diameter cylinder produces a driving point
impedance below 350 ohms, including an inductive compo-
nent. It has been found that for certain embodiments, the
impedance 1s 1n a range of about 3 to 15 ohms. Similar
inductance values are presented for all quarter-wavelength
multiples, e.g., V4, 14, 34, 34, 74, etc. To achieve a 50 chm
antenna driving point impedance requires a cylinder diam-
cter greater than 1s generally considered acceptable for use
with the communications handset.

An impedance matching element 48 (see FIG. 3) matches
the antenna driving point impedance to the source imped-
ance, according to the teachings of the present invention.
The matching element 48 comprises an “H-shaped” conduc-
tive element 50 disposed on a dielectric substrate 52, e.g.,
the conductive element 50 and the dielectric substrate 52
comprise a printed circuit board having a conductive pattern
thereon. The impedance matching element 48 further com-
prises a signal feed terminal 34 (proximate a center of the
substrate 52 orienting the various elements of the QHA
symmetrically with respect to the substrate center). The
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center-fed impedance matching element 48 overcomes the
disadvantages of the prior art baluns, providing a matching
structure that can be physically integrated with the antenna
radiating elements to present an integrated radiating and
impedance matching structure for incorporation mnto a coms-
munications device, such as a handset.

In the illustrated embodiment, the QHA 10 1s fed from a
coaxial cable 55 comprising a center conductor 56 con-
nected to a terminal 57A of a capacitor 57, and further
comprising a shield 38. An inductor 59 1s connected between
the center conductor 56 and the shield 38. In a preferred
embodiment, the capacitor 57 has a value of about 1.8 pF
and the inductor 59 has a value of about 2.2 nH. The
capacitor and inductor value are selected to provide the
desired impedance match, when operating in conjunction
with the structural features of the feed and the antenna
clements that also aflect the impedance match. The capacitor
57 and the inductor 59, disposed as shown, form a two-
clement impedance match between the source impedance (of
the coaxial cable 55) and the QHA 10. Thus, the antenna’s
natural driving point impedance i1s transformed by the
capacitor and the inductor to approximately 50 ohms.

A length of the center conductor 56 should be kept short
as 1n known by those skilled 1n the art. It 1s also known 1n
the art that a balun can be connected proximate the signal
teed terminal 54 to prevent stray radio frequency fields from
generating a current 1n the shield 58.

A terminal 57B of the capacitor 57 1s connected to a
conductive element 60 of the impedance matching element
48 via a conductor 70. The conductive element 60 1is
conductively continuous with conductive pads 61 and 62.
The shield 58 of the coaxial cable 35 1s connected to
conductive pads 72 and 74 via a conductive element 78. In

one embodiment, a solder filet conductively connects the
shield 58 to the conductive element 78. The filars 12 (long),

14 (short), 16 (long) and 18 (short) are disposed within
openings 72A, 74A, 60A and 62A, respectively, as defined
in the respective conductive pad and extend vertically from
a plane of the impedance matching element 48. A solder filet
(see FIG. 11) bridging the conductive pad and its respective
filar forms the conductive connection therebetween.

To form the impedance matching eclement 48, 1n one
embodiment a conductive layer 1s disposed on the dielectric
substrate 52, and the conductive pads 61, 62, 72 and 74 and
the conductive element 78 are formed by selective subtrac-
tive etching of the conductive layer.

It 1s noted that the filars 12 and 16 (both long) are
oppositely disposed on the helix relative to a center of the
substrate 52. Similarly, the filars 14 and 18 (both short) are
oppositely disposed relative to the substrate center. Thus the
conductive element 60 of the impedance matching structure
48 connects the long filar 18 and the short filar 16. Similarly,
the conductive element 78 connects the long filar 12 and the
short filar 14. The conductive bridges 23 and 24 connect the
filars at their upper end as described above.

The impedance matching element 48 may be disposed at
the proximal end, as described, or a distal end of the QHA
10. The physical features of the matching element 4
(including the value of the capacitor and the inductor) may
change from those described above when placed at the distal
end.

Exemplary current flow 1n the impedance matching ele-
ment 48 1s indicated by an arrowhead 100 from the shield 58
through the conductive element 78 to the conductive pad 72.
Current flow continues through the long filar 12, the con-
ductive bridge 23, and the long filar 16 (see FIG. 1) to the
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from the conductive pad 61 through the conductive element
60 and the capacitor 37 to the center conductor 56.

Similarly, current flow 1s indicated by an arrowhead 104
from the shield 58, through the conductive element 78 to the
conductive pad 74. Current tlow continues through the short
filar 14, the conductive bridge 24, and the short filar 18 (see
FIG. 1) to the conductive pad 62. An arrowhead 106 depicts
current flow from the conductive pad 62 to the center

conductor 56 via the conductive element 60 and the capaci-
tor 57.

It 1s known by those skilled in the art that various radio
frequency connectors can be used 1n lieu of the coaxial cable
55 of FIG. 3. For example, as 1llustrated 1n the embodiments
of FIGS. 1, 2 and 5, the connector 32 1s connected to the
antenna feed terminal. Terminals of the connector 32 mate
with a signal cable, not shown 1n FIG. 3, that comprises a
signal conductor and a ground conductor. The signal con-
ductor 1s operative 1n lieu of the center conductor 56 of the
coaxial cable 55, and the ground conductor replaces the
shield 38. Both are connected to the impedance matching
clement 48 1n a manner similar to connection of the coaxial
cable 35 as described above.

For an exemplary QHA structure having a diameter of
about 8.5 mm and a pitch angle of about 60 degrees, the net
reactance 1s about 1.6 nH (326) at 2642.5 MHz; the resis-
tance 1s about 12 ohms, for a impedance (Zdp) of about
12+126 ohms. Note that the reactive component 1s about
twice the series equivalent resistance. Although the actual
driving point impedance depends on the antenna diameter
and filar pitch angle, this tendency toward an inductive
impedance of about twice the value of the resistive compo-
nent may provide adequate antenna gain and SWR, while
providing an acceptable solution for the quadrature relation-
ship between the filars such that a circularly polarized signal
1s radiated.

It has also been found that the peak QHA gain tends to
occur at a frequency slightly below a frequency where the
lowest SWR 1s observed. Thus according to one embodi-
ment, the QHA sacrifices some gain while achieving a
satisfactory SWR. However, computer-based design 1tera-
tions can be performed to adjust the filar dimensions, such
as filar length (both or either of the short filar and the long
filar), the filar cross-section, the cylinder radius, the filar
pitch angle and the matching component values (1.e., the
capacitor 57 and the inductor 59) to achieve a greater peak
gain but with a higher SWR. Once these filar dimensions and
match component values are determined, an antenna con-
structed based thereon presents reasonable process toler-
ances to achieve the desired performance.

Design of a QHA according to the present invention
considers the relationship between the various antenna
physical parameters and the desired operating characteris-
tics. According to one embodiment as described above, the
antenna physical parameters are optimized to present an
antenna driving point impedance (1.e., a series equivalent
impedance) having a real part less than 50 ohms and a
positive reactive part. In various embodiments of the mven-
tion the remaining reactive component due to the inductance
of the conductive structures in the impedance matching
clement 48 1s proportional to the length of those structures.
Generally, the reactive component 1s about twice the resis-
tive component or 1s 1n the range of 20 to 40 ohms reactive.
According to investigations performed by the iventors, 1t
appears that the QHA exhibits desired, gain, bandwidth, etc.
parameters when this relationship between the real and
reactive impedance components 1s presented.
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According to one application, 1t 1s desired for the QHA to
have a relatively small cylindrical diameter for use with the
handset communications device. The antenna characteristic
impedance 1s directly related to the antenna diameter, 1.e., a
smaller diameter lowers the characteristic impedance.
Reducing the diameter also lowers the resonant frequency
and reduces the bandwidth. A small diameter QHA with
equal length first and second filar pairs tends to present a
somewhat wider bandwidth and a somewhat higher peak
gain, when compared to an embodiment with unequal length
filar pairs. However, an elaborate quadrature feed network,
such as the branch line hybrid couple described above 1n the
Background section, 1s required to drive a QHA with equal
length filars. By contrast, according to the present invention
adequate bandwidth and gain can be achieved by utilizing
different length filar pairs operating with a quadrature feed
network for impedance matching, such as the impedance

matching elements 48 (described above 1n conjunction with
FIG. 3) and 110 (described below 1 conjunction with FIG.

4).

The capacitor 537 and the inductor 39 of the impedance
matching structure 48 of FIG. 3 are selected to provide an
impedance match between the driving point impedance of
the QHA and the 350 ohm characteristic impedance of the
coaxial cable 535 connected to the antenna signal feed
terminal 54. As 1s known 1n the art, 1n another embodiment
the lumped inductor and capacitor can be replaced by
distributed components for performing the impedance
matching function, such as a capacitor formed by 1nterdigital
conductive traces on the substrate 52 and an inductor formed
by a conductive trace 1n the form of one or more conductive
loops or a linear conductive segment. In a further embodi-
ment, the source characteristic impedance 1s other than 50
ohms, and thus the capacitor and inductor are selected to
match to this impedance.

According to another embodiment, a balanced transmis-
sion line, selected from one of the various types known 1n
the art, 1s used instead of the coaxial cable 55. Each
conductor of the balanced transmission line 1s attached to a
conductive pad, with the conductive pads disposed on
opposing surfaces of a printed circuit board, such as the
substrate 52 of FIG. 3. Each pad 1s further connected to the
signal feed terminal 54 of FIG. 3 using conventional con-
nection techniques.

As 1s recognized by those skilled in the art, different
dimensions for the components of the QHA 10 (e.g., a
different diameter, different filar lengths or a different filar
pitch angle) can be used in another embodiment. These
parameters may change the differential length between the
first and the second filar pairs and/or the antenna load
impedance, which 1n turn changes the value of the inductor
and/or the capacitor for matching the antenna impedance to
the source impedance. In one embodiment, the impedance
match may require only a single component (either an
inductor or a capacitor). However, as discussed above, to
optimize the antenna operating characteristics, 1t may be
preferable for the driving point impedance to include a
reactive component.

To achieve optimum bandwidth, gain and quadrature
signal distribution (which 1s required for a circularly polar-
1zed signal) 1t 1s desired that the long and the short filar pairs
have an approximately equivalent diameter (or an equivalent
cross-section for filars having a quadrilateral cross-section
(1.e., length and width) such as filars comprising a conduc-
tive trace on a dielectric substrate). It may be possible,
however, to accommodate slightly divergent diameters with-
out dramatically affecting antenna performance. Use of
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same diameter conductors also simplifies the physical filar
structure and maintains antenna symmetry.

In one embodiment, the QHA diameter 1s about 8.5 mm,
and thus the antenna circumierence 1s about 25 mm. It 1s
desired to use as wide a conductor as practical to lower the
conductor resistance (1.e., reduce ohmic losses), which cor-
respondingly tends (to a point) to broaden the antenna
bandwidth. It 1s also recogmized that the filars must be
separated by a suflicient distance to reduce filar-to-filar
coupling and dielectric loading. In one embodiment, the filar
diameter 1s determined by dividing the antenna circumfier-
ence by eight and rounding to a convenient integer value.
Thus, a 25 mm circumierence yields a filar diameter of about
3 mm. According to an embodiment wherein a filar com-
prises a flat conductor, a half conductor, half dielectric
relationship 1s used to establish a conductor width. Several
embodiments of the antenna according to the present inven-
tion have favored the above conductor-to-insulator ratio,
although it 1s recognized that other embodiments may favor
other ratios. As 1s known by those skilled in the art, 1n
performing analyses of such QHA’S, a flat conductor can be
represented by a round conductor where a diameter of the
round conductor 1s one-half the flat conductor wadth.

In one embodiment presented above, the driving point
impedance of 154307 1s transformed by the impedance
matching element 48 (specifically the capacitor 37 and the
inductor 59) to 50 ohms for matching the characteristic
impedance of the coaxial cable 55. According to another
embodiment, such as a quarter wave version of a QHA
described below according to the teachings of the present
invention, a capacitor and/or an inductor transform the
driving point impedance of 3+67 to about 12.5 ohms, and a
quarter wavelength transformer transforms the 12.5 ohm
impedance to 50 ohms. A quarter wavelength transmission
line having a 25 ohm characteristic impedance (Z,,) trans-
forms the 12.5 ohms impedance to 50 ochms according to the
equation, Z,=sqrt [(driving point 1mpedance)*(source
impedance)].

FIG. 4 1llustrates an embodiment of an impedance match-
ing element 110 including a quarter wavelength transmission
line transformer 112 connected at the signal feed terminal 54
to match a 12.5 ohms impedance to 50 ochms. The transmis-
sion line transformer 112 comprises a conductor 118 con-
nected to an arm 120 of the conductive element 50, and a
conductor 124 connected to an arm 128.

As can be appreciated by those skilled in the art, 1n an
embodiment where the antenna’s physical parameters create
a purely resistive driving point impedance of about 12.5
ohms, the impedance matching element 110 1s suflicient to
transform the driving point impedance to 350 ohms. The
impedance matching element 48 1s not required.

A radome 1s advantageous to avoid antenna damage
during user handling of the communications device to which
the antenna 1s connected. Radome material, thickness and
shape 1s chosen to minimize eflect on the antenna’s rece1v-
ing and transmitting properties, 1.€., to present relatively low
loss over the antenna’s operating frequency range. The
dielectric loading eflect of the radome can be considered 1n
designing the QHA to achieve operation at the desired
resonant frequency and desired bandwidth. A suitable
radome 130 for the QHA 10 1s illustrated 1n FIG. 5. As can
be seen, the radome 130 mates with the radome base
components 33A and 33B that enclose the lower region 20
of the QHA 10.

Another embodiment according to the teachings of the
present invention 1s represented by a QHA 140 illustrated in
FIG. 6, comprising a conductor 142, preferably a coaxial
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cable comprising an inner conductor and an outer shield,
extending between the connector 32 and the impedance
matching element 48 within the bottom region 20 of the
QHA 140. Typically, due to a length of the conductor 142,
the impedance matching element sees a diflerent impedance
with the conductor 142 in place than when the QHA 140 1s
connected directly to the connector 32, such as shown 1n
FIG. 5. Thus the impedance matching components of the
impedance matching element 48 must be modified to pro-
vide an appropriate impedance match for the QHA 140. In
a preferred embodiment the conductor 142 comprises a
flexible conductive material that can absorb mechanical
shock and vibrations caused by dropping or striking the
QHA 140 against a rigid object, reducing the likelithood of
damage to the QHA 140. The length of the conductor 142
provides a physical separation between the connector 32 and
the QHA 140 1n a handset mounting application where such
a separation 1s advantageous.

In an embodiment of FIG. 7, a QHA 144 further com-
prises an over-molded deformable (e.g., semi-plastic) mem-
ber 146 enclosing the conductor 142 and in one embodiment
allixed to the impedance matching element 48 and to a
surface 32A (see FIG. 6) of the connector 32. The member
146 provides shock absorbing capability when the antenna 1s
dropped. The QHA 144 further comprises the radome or
cover 130. The over-molded member 146 can also be used
in conjunction with the embodiment of FIG. 6, wherein a
portion of the conductor 142 1s enclosed by the over-molded
member 146.

FIG. 8 1llustrates yet another embodiment of a QHA 150
comprising a conductor extending between the connector 32
and the impedance matching element 48 enclosed within a
sleeve 152.

To ensure desired performance parameters for the QHA it
1s preferable to maintain the antenna dimensions and limait
flexing of the filars 12, 14, 16 and 18 during operation. To
provide consistent antenna performance, it 1s also desired to
control a shape and a mass of solder filets 156 (see FIG. 9)
that conductively connect each filar to 1ts respective mount-
ing pad 72, 74, 60 and 62 of the impedance matching
clement 48 (see FIG. 3). It 1s known that varying a shape,
mass and/or size of one or more of the solder filets 156 can
change the current path length of the QHA filars, and thus
can alter various performance parameters, including the
antenna’s resonant frequency. In certain manufacturing pro-
cess for producing the QHA 10, the solder filets 156 are
formed by a hand soldering operation leading to potential
performance variability.

To overcome the filar flexing, in one assembly process the
substrate 160 (see FIG. 10) comprising filars 162, 1s wound
about a tubular mandrel 163 (see FIG. 11) and retained in the
cylindrical shape by the mandrel 163, 1.e., the mandrel
remains in place after fabrication of the QHA 10. Various
known adhesives are suitable for attaching the substrate 160
to the mandrel 163. A material of the mandrel 163 1s chosen
to exhibit low loss at the antenna’s operational frequencies,
while providing mounting integrity and stability for the
substrate 160.

The mandrel 163 dielectrically loads the QHA 10, which
tends to lower the antenna resonant frequency. Thus the
dielectric loading imposed by the mandrel 163 should be
considered when determining the antenna dimensions to
overcome the loading eflects. Other antenna embodiments 1n
which the dielectric loading eflect 1s reduced are described
below.

Each filar 162 further comprises a finger segment 164A
extending beyond a bottom edge 160A of the substrate 160
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and a finger segment 164B extending beyond a top edge
160B of the substrate 160 (see FIGS. 10 and 11). The finger
segments 1648 are illustrated as having unequal lengths to
form the unequal length filars of the QHA as described
above. In another embodiment not illustrated, the finger
segments 164B are of substantially equal length and the
unequal total filar conductive length 1s a result of the
differential electrical path length of the conductive bridges
23 and 24 or other conductive bridge or crossbar embodi-
ments described below.

As can be seen 1 FIG. 12, each finger segment 164A
wraps about a tab 165 1n the mandrel 163 when the substrate
160 1s disposed about the mandrel 163. According to this
embodiment, an impedance matching element 166, similar
in functionality to the impedance matching element 48,
comprises a disk-like structure with the impedance matching
components (as further described in conjunction with FIG.
3) mounted on an upper surface that 1s hidden from view 1n
FIG. 12, and conductive regions 170, each in conductive
communication with the conductive elements on the upper
surface, wherein these conductive elements provide the
functionality of the conductive pads 61, 62, 72 and 74 and
the conductive elements 60 and 78 of the impedance match-
ing element 48 of FIG. 3. Preferably, the conductive regions
170 are formed co-extensive with the conductive pads and
clements according to known printed circuit board subtrac-
tive conductor etching techniques. The impedance matching
clement 166 further comprises a feed terminal 171 {for
connection to the conductor 142 of FIG. 6, for example.

The impedance matching element 166 1s captured within
an opening 172 at a lower end of the mandrel 163. Each
finger segment 164A (and corresponding tab 163) 1s thereby
urged 1nto conductive communication with one of the con-
ductive regions 170 to electrically connect the filars 162 to
the impedance matching components mounted on the upper
surface of the impedance matching element 166.

Oppositely-disposed capture tabs 173 (a single capture tab
173 may suflice 1n one embodiment) extending from a
bottom edge 174 of the mandrel 163, capture and apply an
upwardly directed force to a lower surface 175 of the
impedance matching element 166, urging the element 166
against the bottom edge 174, thereby retaining the element
166 within the opening 172 of the mandrel 163. See also
FIGS. 13 and 14. To 1nstall the impedance matching element
166, the cylindrical shape of the mandrel 163 1s slightly
distorted by the application of suitably directed forces so as
to permit msertion of the element 166 against the bottom
edge 174. Upon removal of the distorting forces, the man-
drel 163 returns to 1ts normal shape and the impedance
matching element 1s captured as described. Although the
impedance matching element 163 1s illustrated 1n the Fig-
ures. as having a particular shape including a plurality of
notches formed therein, those skilled 1n the art recognize that
other shapes non-illustrated may be suitable.

In another embodiment, the flexible film 1s replaced by a
rigid cylindrical structure on which conductive strips form-
ing the helical traces are disposed, for example, by printing
conductive material on outer surface of the cylindrical piece
or by employing a subtractive etching process to remove
certain regions from a conductive sheet formed on the outer
surface, such that the remaining conductive regions form the
helical traces.

In yet another embodiment, the conductive bridges or
crossbars 23 and 24 are replaced with a generally circular
substrate (or printed circuit board) 180, having a thickness
d (see FI1G. 15) with conductive crossbar strips 182 and 184

disposed on opposing surfaces 180A and 180B thereof In
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one embodiment, the distance d 1s about 1 mm. FEach of the
filars 12, 14, 16 and 18 comprises the finger segment 1648
(see FIG. 10) at the crossbar end thereof. Each finger
segment 164B extends into an upper opening 190 of the
mandrel 163. The crossbars 182 and 184 are electrically
connected to one of the filars 12, 14, 16 and 18 wvia
conductive regions 185A—-185D (only one of which 1s 1llus-
trated 1n FIG. 15) spaced about a circumierential edge of the
substrate 180, such that when the substrate 180 is frictionally
engaged within the upper opening 190, the conductive
regions 185A—-185D electrically connect and physically
mate with the filar finger segments 164B. In one embodi-
ment the conductive regions 185A—185D comprises gold-
plated conductive material to reduce oxidation at the surface
thereof

Use of the substrate 180 provides additional dimensional
stability to the QHA 10 by controlling the distance between
the filars at the upper end of the antenna, according to the
dimensions of the substrate 180. Dimensional changes at the
upper end of the antenna can lead to frequency detuming
and/or gain reduction. As discussed above, the distance d 1s
related to the length differential between the long and the
short filars.

FIGS. 16 and 17 illustrate another embodiment of a
circular substrate 200 supporting the conductive crossbars
182 (on an upper surface of the substrate 200) and 184 (not
visible 1n FIGS. 16 and 17). The filar finger segments 1648
are wrapped vertically about tabs 210A and tabs 210B, the
tabs 2108 extending farther from an upper edge 211 of the
mandrel 163 than the tabs 210A. A terminal end of each
finger segment 164B 1s disposed over an interior-facing
surtace of each tab 210A and 210B.

Capture tabs 216 and 217 extend from the upper edge 211,
wherein the capture tab 216 further comprises a projection
218 extending mmwardly from an interior-facing surface of
the tab 216. The capture tabs 216 and 218 and the projection
218 cooperate to retain the substrate 200 against the upper
edge 211 and properly aligned with the outer surface of the
mandrel 163. In another embodiment, the capture tab 217
also comprises a projection 218.

The QHA embodiments of the present mvention can be
tuned by using electrically differentiated embodiments of the
substrate 180 and/or of the impedance matching element
166. For example, due to coupling between the crossbars
182 and 184, the QHA can be tuned by varying the height
d of the substrate 180, which modifies the parasitic capaci-
tance and changes the resonant frequency of the QHA. The
QHA can also be tuned by changing the dielectric constant
of the substrate 180 or the impedance matching element 166,
1.., substituting a material having a different dielectric
constant.

To expedite the antenna manufacturing process, a number
of substrates 182 of varying height are manufactured. As
cach antenna 1s tested following manufacture, a substrate of
the appropriate height 1s selected to tune the antenna to the
desired resonant frequency.

In another embodiment, the relative orientation of the
crossbars 182 and 184 is altered to tune the antenna. In FIG.
15 the crossbars 182 and 184 are separated by an angle o of
about 70—80 degrees. Changing this orientation such that the
angle o 1s less than 70-80 degrees modifies coupling
between the crossbars 182 and 184 to eflect antenna tuning.

In another embodiment 1llustrated in FIGS. 18 and 19, an
antenna assembly 300 comprises a generally cylindrical
enclosing member 302 enclosing a QHA of the present
invention. An enclosing member 304 encloses the 1mped-
ance matching element and certain components associated
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with the connector. The enclosing members 302 and 304 are
pivotably joined by a hinge structure 310 as illustrated.

In FIG. 18 the enclosing members 302 and 304 are
substantially linearly oriented.

As 1llustrated 1n FIG. 19, the hinge structure 310 permits
pivoting of the antenna 314 into a perpendicular orientation
with respect to the connector 32. Depending on the charac-
teristics of the hinge structure 310, an orientation greater
than 90 degrees may also be permitted. Arrowheads 315 1n
FIG. 19 indicate a range of permitted angular orientations
between the connector 32 and the antenna 314 as permitted
by the hinge structure 310. An arrowhead 316 in FIG. 19
indicates that the connector 32, and thus the antenna assem-
bly 300, can be rotated through 360 degrees when mserted
into a handset or other communications device. A combina-
tion of the rotating feature and the pivoting feature of the
present invention oflers a nearly limitless range of positions
for the antenna assembly 300 relative to the communications
device to which 1t 1s connected.

FIG. 20 depicts a quarter-wavelength quadrifilar helical
antenna 350 connected to a handset communications device
352 via a conductor 354. The handset device 352 further
comprises a fixed or base member 352A and a movable
member 3528, the latter having a {first position in a parallel
back-to-back orientation relative to the fixed member 352A
and a second position in a perpendicular orientation relative
to the fixed member 352A. The second position, as 1llus-
trated 1n FIG. 20, reveals a display 356 suitably oriented for
viewing multimedia files received by the handset 352. A
length of the conductor 354 1s determined to accommodate
the second position of the rotatable member 352B.

As expected, the quarter-wavelength QHA 350 does not
provide the same operating characteristics as the half wave-
length QHA 10 described above. In particular, the gain of the
antenna 350 1s reduced relative to the gain of the QHA 10.
In one embodiment, the gain reduction 1s about 2 dBic.

As described above, when an quadrifilar helical antenna
of the present invention 1s operated with a mandrel for
dimensional stability, the mandrel dielectrically loads the
antenna and thereby changes its performance characteristics.
In one embodiment, a plurality of openings 400 are formed
in a mandrel 402 as illustrated 1n FIG. 21 to reduce the
mandrel dielectric loading. In another embodiment, a man-
drel 410 (see FIG. 22) comprises a plurality of dielectric
strips 412 afhixed to or formed concurrently with a cylin-
drical element 414. When the filar substrate 160 of FIG. 10
1s disposed about the mandrel 410, an open region 412A
between adjacent strips 412 presents an air dielectric to the
QHA 10, and thus lowers the dielectric loading of the
mandrel 410 on the QHA 10.

In yet another embodiment, a mandrel material comprises
a dielectric and the conductive filars 12, 14, 16 and 18 are
formed directly thereon. For example, the conductive filars
12, 14, 16 and 18 are formed from conductive material
comprising an adhesive rear surface for adhesive attachment
to the mandrel. In another embodiment, the filars 12, 14, 16
and 18 are formed of conductive ink applied directly to the
mandrel by known printing techniques.

To ensure proper alignment between the mandrel 163 and
the substrate 160 (see FIG. 10), according to one embodi-
ment, the mandrel comprises projecting bosses 450 on an
outside surface thereof, as illustrated in FIG. 23. The sub-
strate 160 defines corresponding holes or openings 452 as
illustrated 1n FIG. 24. When the substrate 160 1s disposed
about the mandrel 160, the bosses 450 protrude through the
openings 432 to ensure proper alignment between the sub-
strate 160 and the mandrel 163. See FIG. 25.
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While the present invention has been described with
reference to preferred embodiments, 1t will be understood by
those skilled in the art that various changes may be made and
equivalent elements may be substituted for the elements
thereol without departing from the scope of the present
invention. The scope of the present invention further
includes any combination of the elements from the various
embodiments set forth herein. In addition, modifications
may be made to adapt a particular situation to the teachings
of the present invention without departing from 1ts essential
scope. Therefore, i1t 1s mtended that the invention not be
limited to the particular embodiments disclosed, but that the
invention will include all embodiments falling within the
scope of the appended claims.

What 1s claimed 1s:

1. A quadnfilar helical antenna, comprising:

a substantially cylindrical substrate defining axially

spaced-apart base and end regions;

first and second helical filar segments each having a first

length and each defining a first end proximate the base
region, the first and the second filar segments extending,
toward the end region;

second and third helical filar segments each having a

second length different than the first length and each
defining a first end proximate the base region, the third
and the fourth filar segments extending toward the end
region; and

an 1mpedance matching element disposed proximate the

base region and comprising legs extending from a
center region, each leg conductively connected to the
first end of one of the first, the second, the third and the
fourth filar segments, the impedance matching element
further comprising a feed terminal 1n the center region,
the mmpedance matching element for matching an
antenna 1mpedance to a source impedance.

2. The antenna of claim 1 further comprising a cylindrical
dielectric structure, wherein the substrate comprises a flex-
ible dielectric film disposed about the cylindrical structure,
and wherein each one of the first, the second, the third and
the fourth filar segments comprises a finger segment extend-
ing beyond an edge of the dielectric film such that the finger
segments extend beyond a lower edge of the cylindrical
structure, and wherein the impedance matching element
comprises first, second, third and fourth conductive pads
disposed at a terminal end of a respective first, second, third
and fourth legs extending from the center region and in
clectrical communication with impedance matching compo-
nents disposed on the impedance matching element, and
wherein the impedance matching element 1s mated with the
cylindrical structure such that each one of the first, the
second, the third and the fourth conductive pads i1s 1n
conductive communication with the finger segment of one of
the first, the second, the third and the fourth filar segments.

3. The antenna of claim 2 wherein a resonant frequency of
the antenna 1s responsive to a thickness of the disk-like
structure.

4. The antenna of claim 2 wherein a resonant frequency of
the antenna 1s responsive to a dielectric constant of a
material of the disk-like structure.

5. The antenna of claim 2 wherein a material of the first,
the second, the third and the fourth conductive pads com-
prises conductive material having a gold-plated surface.

6. The antenna of claim 2 further comprising finger tabs
extending from the lower edge of the cylindrical structure,
wherein each one of the finger segments extends over one of
the finger tabs, and wherein each one of the finger tabs 1s
received within a corresponding notch defined 1n the disk-
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like structure, and wherein each one of the first, the second,
the third and the fourth conductive pads of the disk-like
structure 1s urged against one of the finger tabs with the
finger segment extending thereover to facilitate conductive
communication between each one of the finger segments and
one of the first, the second, the third and the fourth conduc-
tive pads.

7. The antenna of claim 6 further comprising a projection
extending from the cylindrical structure 1mm a direction
toward an interior of the cylindrical structure, wherein the
projection contacts a bottom surface of the disk-like struc-
ture to urge the disk-like structure against the lower edge of
the cylindrical structure.

8. The antenna of claim 1 wherein the substrate comprises
a dielectric film, and wherein the first, second, third and
fourth filar segments are disposed on the dielectric film, and
wherein each one of the first, the second, the third and the
fourth filar segments comprises a finger segment extending
beyond an edge of the dielectric film, and wherein the first
and the second filar segments are serially connected through
a first conductive element electrically connected between the
finger segment of the first filar segment and the finger
segment of the second filar segment, and wherein the third
and the fourth filar segments are serially connected through
a second conductive element electrically connected between
the finger segment of the third filar segment and the finger
segment of the fourth filar segment.

9. The antenna of claim 8 wherein a length of the finger
segment of the first and the second filar segments 1s sub-
stantially 1dentical and different from a length of the finger
segment of the third and the fourth filar segments, wherein
the length of the finger segment of the third and the fourth

filar segments 1s substantially 1dentical.

10. The antenna of claim 8 wherein the first and the
second conductive elements are disposed on a crossbar
structure 1n an insulative relation.

11. The antenna of claim 10 wherein the first and the
second conductive elements each comprise a conductive
strip disposed 1n a stacked relation within or on a surface of
the crossbar structure, and wherein a resonant frequency of
the antenna 1s responsive to an angle formed between the
first and the second conductive strips.

12. The antenna of 10 further comprising a cylindrical
dielectric structure, wherein the substrate comprises a flex-
ible dielectric film disposed around the cylindrical structure,
and wherein the crossbar structure comprises a disk-like
shape having a {irst, a second, a third and a fourth conductive
pad disposed about a circumierential surface thereof, and
wherein the first and the second conductive elements are
disposed on a surface of or within the crossbar structure, and
wherein the first and the second conductive pads are elec-
trically connected by the first conductive element and the
third and the fourth conductive pads are electrically con-
nected by the second conductive element, and wherein the
crossbar structure 1s mated with the cylindrical structure
such that the first and the second conductive pads are 1n
conductive communication with the finger segment of the
first filar segment and the finger segment of the second filar
segment, respectively, and wherein the third and the fourth
conductive pads are 1n conductive communication with the
finger segment of the third filar segment and the finger
segment of the fourth filar segment, respectively.

13. The antenna of claim 12 wherein the cylindrical
structure further comprises a projection extending 1 a
direction toward an interior of the cylindrical structure,
wherein the projection 1s 1n contact with a bottom surface of
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the crossbar structure to urge the crossbar structure against
the lower edge of the cylindrical structure.

14. The antenna of claim 12 wherein a resonant frequency
ol the antenna 1s responsive to a thickness of the crossbar
structure.

15. The antenna of claim 12 wherein a resonant frequency
of the antenna 1s responsive to a dielectric constant of a
material of the crossbar structure.

16. The antenna of claim 12 wherein a material of the first,
the second, the third and the fourth conductive pads com-
prises conductive material having a gold-plated surface.

17. The antenna of claim 12 further comprising finger tabs
extending from the lower edge of the cylindrical structure,
wherein each one of the finger segments warps about one of
the finger tabs, and wherein each one of the finger tabs 1s
received within a corresponding notch defined 1n the cross-
bar structure, and wherein each one of the first, the second,
the third and the fourth conductive pads of the crossbar
structure 1s urged against one of the finger tabs with the
finger segment wrapped thereabout to facilitate conductive
communication between each finger segment and one of the
first, the second, the third and the fourth conductive pads.

18. The antenna of claim 1 further comprising a cylin-
drical dielectric structure, wherein the substrate comprises a
flexible dielectric film disposed around the cylindrical struc-
ture, and wherein the cylindrical structure defines a plurality
ol openings therein.

19. The antenna of claim 1 further comprising a cylin-
drical dielectric structure, wherein the substrate comprises a
flexible dielectric film, and wherein a plurality of ribs are
disposed on an external surface of the cylindrical structure,
and wherein the flexible dielectric film 1s disposed around
the cylindrical structure adjacent the plurality of axial ribs.

20. The antenna of claim 1 further comprising a cylin-
drical dielectric structure, wherein the substrate comprises a
flexible dielectric film, and wherein a material having a
lower dielectric constant than a material of the cylindrical
structure 1s 1nterposed between the cylindrical structure and
the dielectric film.

21. The antenna of claim 1 further comprising a cylin-
drical dielectric structure, wherein the substrate comprises a
flexible dielectric film, and wherein the flexible dielectric
film defines a plurality of openings therein and an external
surface of the cylindrical structure comprises a plurality of
corresponding protrusions for receiving one of the plurality
ol openings.

22. The antenna of claim 1 further comprising a connector
in electrical communication with the center region of the
impedance matching element, wherein an open electrical
terminal of the connector 1s adapted for connection to a
communications device operative with the quadrifilar helical
antenna.

23. The antenna of claim 22 wherein the connector 1s
disposed underlying and spaced apart from the impedance
matching element, and wherein a length of a conductor
clectrically connects the connector and the impedance
matching element.

24. The antenna of claim 23 wherein the conductor
comprises a coaxial cable.

25. The antenna of claim 23 the conductor comprises a
shock-absorbing length of conductive matenial.

26. The antenna of claim 23 wherein the conductor 1s
substantially surrounded by a flexible sleeve.

27. The antenna of claim 23 wherein the conductor 1s
substantially surrounded by an over-molded element extend-
ing between the impedance matching element and the con-
nector.
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28. The antenna of claim 23 wherein a portion of the
length of the conductor 1s substantially surrounded by an
over-molded element.

29. The antenna of claim 1 wherein the first, second, third
and fourth filar segments are substantially surrounded by a
cover, the antenna further comprising a connector in elec-
trical communication with and physically underlying the
impedance matching element, wherein an open electrical
terminal of the connector 1s adapted for connection to a
communications device operative with the antenna, and
wherein the connector 1s pivotally joined to the cover to
permit adjustment of an angle formed between the cover and
the connector.

30. The antenna of claim 29 wherein the open electrical
terminal forms a rotatable joint with the communications
device permitting rotation of the antenna with respect to the
communications device.

31. The quadrifilar helical antenna of claim 1 wherein the
first length 1s longer than a resonant length at a resonant
frequency and the second length 1s shorter than the resonant
length at the resonant frequency.

32. The quadrifilar helical antenna of claim 1 wherein the
impedance matching element creates a quadrature phase
relationship for signals propagating on the first, second, third
and fourth filar segments.

33. A handset communications device comprising:
a base;

a cover movably engaged with the base for manipulation
into diflerent orientations with respect to the base;

a quadrifilar helical antenna disposed in the base, the
antenna comprising:
a substantially cylindrical substrate;
a first, a second, a third and a fourth helical filar
disposed on the substrate, wherein at least two of the

first, the second, the third and the fourth filars have
a diflerent length;

an i1mpedance matching element conductively con-
nected to the first, second, third and fourth filars for
matching an antenna impedance to a source 1mped-
ance; and

a connector disposed between the impedance matching
clement and the base.

34. The antenna of claim 33 further comprising a con-
ductive element extending between and electrically connect-
ing the connector and the impedance matching element,
wherein a length of the conductive element 1s determined to
accommodate the different orientations of the cover with
respect to the base.

35. The antenna of claim 33 further comprising a cover
substantially surrounding the cylindrical substrate, wherein
the connector forms a pivoting joint with the cover to adjust
an angle formed between the cover and the connector.

36. The antenna of claim 33 wherein the connector forms
a rotatable joint with the base to permit rotation of the
antenna relative to the base.

37. The quadrifilar helical antenna of claim 33 further
comprising a first conductive element for forming a {first
helical conductor by serially connecting the first and the
second helical filars and a second conductive element for
forming a second helical conductor by serially connecting
the third and the fourth helical filars, and wherein a length
of the first helical conductor 1s diflerent than a length of the
second helical conductor.
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